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WEIGHTS AND MEASURERS

kWh = Kilowatt hour (= 860.42 kcals)

GWh = Gigawatt hour (one million kilowatt hours)
kW = Kilowatt (1,000 watts)

MW = Megawatt (1,000 kilowatts)

kV = Kilovolt (1,000 volts)

mcm = One million cubic meters

becm = One billion cubic meters (One cubic kilometer)
EQUATIONS

1 mcm of water under 1 meter of head = 2,724 kWh at 100% efficiency
1 cubic meter per second of water under meter of head = 9.81 kW at 100% efficiency

System Load Factor = Average Demand /Peak Demand for a given period of time.
Example: January 2000 energy demand for Kyrgyzstan = 1,606 GWh and January peak
demand is 2,604 MW: the load factor is (1,606,000/744)/2,604,000 = 84%

Plant factor = Average Output/Peak Output of a power plant for a given period of time.

Example: If Kambarata 1 produces 398 GWh in September and can operate at 1,200 MW
(reservoir full): the plant factor is (398/.720)/1,200 = 46%
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SUMMARY AND CONCLUSIONS

The Kambarata 1 Hydropower Project at a cost of about US$ 1.2 billion, an installed capacity
of 1,200 MW and annual energy generation of 4,500 GWh would be competitive with a
thermal power project in the future expansion of Kyrgyzstan's power system. Although
Kambarata 1 has a higher initial capital cost than the thermal alternative, the avoided annual
cost of fuel imports would be around US$100 million. The installed capacity could be
increased to 1,600 MW, and even higher, to provide peaking capacity for the Central Asian
Power System (CAPS).

The Kambarata 2 Hydropower Project at a cost of about US$ 280 million, an installed
capacity of 400 MW and annual energy generation of 1,260 GWh could be a low-cost source
of peaking power for export to South Kazakhstan or Uzbekistan as a part of the CAPS and
increase Kyrgyzstan’s summer hydro energy surplus.

Further study of the two projects is justified to refine designs and cost estimates, assess
benefits in more detail, and to investigate possibilities for financing. Of particular interest
would be a study of staged development of Kambarata 1 to bring the initial cost down to a
level that might be more easily financed.

The basic problem with the Kyrgyzstan power system is that the hydropower projects of the
Naryn Cascade (the 1,200 MW Toktogul dam and reservoir, and 1,670 MW of run-of-river
hydropower plants), produce most of their energy in the summer, whereas the peak energy
demand is in the winter months. The result is a high winter demand on the existing thermal
power plants that requires large imports of fuel and energy. Consequently, the operators of
Toktogul aim to maximize reservoir releases and energy production in the winter and
minimize reservoir release to the downstream countries in the summer. To address this
energy/irrigation conflict, the Syr Darya basin countries entered into the March 17, 1998
Framework Agreement between Kazakhstan, Kyrgyzstan and Uzbekistan on the Use of
Water and Energy Resources of the Syr Darya Basin. Tajikistan became a party to this
Agreement on June 19, 1998. This provides for winter fuel to be delivered to Kyrgyzstan in
return for sales of hydro energy in the summer months.

This report looked at the effect on Kyrgyzstan's winter energy shortage of different operating
regimes for the Toktogul Reservoir in the years before Kambarata 1 would be in service. It
was found that none of the operating regimes, even the most extreme “power oriented
regime”, eliminates the need for large imports of fuel and energy under present conditions.
By the Year 2005, with no additional capacity in service and average river flows, Kyrgyzstan
will have an annual energy deficit of about 1,500 GWh, composed of a winter deficit of 3,900
GWh and a summer surplus of 2,400 GWh. The energy deficits have not reached these levels
in the past because of unusually high reservoir inflows coupled with unsustainable
withdrawals from the Toktogul Reservoir. Hydro energy generation has been 30% above
sustainable levels. It is clear, therefore, that Kyrgyzstan’s need for imports of fuel and energy
will continue to grow until new capacity is installed.

The addition of Kambarata 1 would eliminate the winter deficits and thereby eliminate the
conflict in the operation of the Toktogul Reservoir between the irrigation and environmental
needs of the downstream countries and the winter energy needs of Kyrgyzstan. Kambarata 2
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would add to Kyrgyzstan’s summer hydro surplus that could be exchanged for fuel imports,
but it would not significantly reduce the winter energy deficit.

Thus, the main elements of a power development plan for Kyrgyzstan should be:

Rehabilitation of the existing thermal power plants at Bishkek and Osh to restore
their capacity to 680 MW and 50 MW respectively.

Continued imports of fuel and energy in return for exports of the summer hydro
surplus under the 1998 Framework Agreement.

Completion of the Kambarata 1 and Kambarata 2 Projects.

An aggressive program to reduce losses from the present level of over 40% to no
more than 18% (losses of 18% are assumed in the operation studies described in
Chapter 6).

A program to encourage consumers to move from electric heating to gas heating,
and where possible coal heating.

Investigation of Kyrgyzstan’s of coal resources as a base for thermal power (in
the 1980’s, over one million tons of coal was mined in the Kyrgyzstan, but
production is now down to 100,000 tons).

The adverse social and environmental impacts of Kambarata 1 and Kambarata 2 appear to be
quite limited. The reservoirs are reported to have no permanent residents and only a few
livestock herdsmen. Nevertheless, a detailed social and environmental assessment should be

carried out.

A workshop was held in Bishkek on February 25-26, 2003 to seek the comments of
Kyrgyzstan power sector officials on the report. This led to useful suggestions on technical
issues and a valuable exchange of views on the regional aspects of the two projects. This
report reflects the findings of the workshop.

Following discussions of the report with power sector officials in Kazakhstan, the next steps
are likely to be as follows:

Set up a Working Group of Kyrgyzstan and Kazakhstan experts to oversee the
following activities.

Prepare more detailed feasibility studies for the two projects. These would
include an investigation of the possibility of staging Kambarata 1 including an
analysis of different configurations of the 500 kV transmission network. The
studies would present in more detail the costs and benefits of the projects and
their contribution to the power systems of Kyrgyzstan and its neighbors, and their
impact on water management.

Investigate possible financing and institutional arrangements for further
development of the projects.
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1. INTRODUCTION

1.1 USAID Support to the Water and Energy Sector of the CAR

The strategy of the USAID Mission for Central Asia (USAID/CAR) is to support an
improvement in the management of critical natural resources in the region through pilot
projects to demonstrate good management and by training, public outreach and partnership
development throughout the region. The strategy is being implemented by the Central Asia
Natural Resource Management Program (NRMP).

The Transboundary Water and Energy Project (TWEP) under the NRMP supports activities
that would help leaders in Central Asia develop and agree on measures to improve water and
energy cooperation. TWEP focuses on the Syr Darya basin where a conflict has arisen
between the energy needs of Kyrgyzstan and the irrigation needs of the downstream riparians.
The Syr Darya basin is shared by Kyrgyzstan, Tajikistan, Uzbekistan and Kazakhstan (see
Figure 1).

Table 1.1 gives an overview of the current status of measures that could help reduce seasonal
conflicting demands in the use of water for power and irrigation in the Syr Darya basin.
Measures that could be realized in the short term include energy loss reduction in Kyrgyzstan
and better interstate agreements on water and energy use. In the medium term, projects in
Tajikistan, Uzbekistan and Kazakhstan could be completed aimed at the seasonal re-
regulation of water releases in the Syr Darya basin. Development of the Kambarata
hydropower projects in Kyrgyzstan could improve water and energy cooperation in the long-
term. The implementation of the listed “engineering” and “trading” measures need to be
complemented by the strengthening of interstate institutions.

Table 1.1 Measures to improve regional water and energy cooperation.
Time Measures Current Status
Frame
Reduction of electricity losses e National loss reduction program defined
Short- in the Kyrgyz energy system e USAID and WB support its
term implementation
0-2 Improvement of the e USAID supports the development of the
years implementation of the 1998 additional information required for
Framework Agreement meaningful discussions on the issue
Improvement of coordination USAID supports needs assessment
between water and energy Possible follow-up by USAID and ADB
dispatchers
Agreement on Power Trade USAID supports the development of the
Relations agreement under the proposed Regional
Power Transmission Modernization
Project, supported by loans from the ADB
and EBRD
Improvement of Chardara Implemented under the SYNAS project
Medium- | Reservoir (Kazakhstan) supported by a WB loan
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term Improvement of carrying e Implemented under the SYNAS project
3-7 capacity Syr Darya downstream
years of Chardara
Improvement of Kairakum e Tajikistan, Uzbekistan, and Kazakhstan
Reservoir and surrounding signed protocol to undertake feasibility
irrigated areas (Tajikistan) study
e USAID and WB support project
preparation
Strengthening of interstate e Little progress has been made to date due
water management to lack of political commitment
organizations
Improvement of CA power e US$175 million loan package from ADB
transmission system and EBRD is being prepared
e Possible support from USAID for
implementation of Power Trade Action
Plan
Further improvement of the e First steps to create enabling environment
Kyrgyz energy system to attract private investment have been
taken
Irrigation rehabilitation, e USAID and WB support project
groundwater development and identification
drainage water reuse in
Ferghana Valley (Uzbekistan)
New storage reservoirs and e Preparatory work has started
water transfer projects in
Uzbekistan
Construction of the Kambarata | ¢ USAID supports an evaluation of both
Long- 1 and 2 hydropower projects projects and the dialogue between basin
term (Kyrgyzstan) states on the next steps
8—15 Further improvement of the
years operations of interstate water
and energy systems

1.2 Scope of this Report

This Report makes an assessment of the Kambarata 1 and Kambarata 2 hydropower projects
in Kyrgyzstan using studies and data from the files of USAID, the World Bank, and several
government agencies in the region. The Report looks at these projects in the context of
Kyrgyzstan’s energy system and also the interconnected CAR high voltage transmission grid.
Annual energy generation is estimated for the projects, singly or in combination, and earlier
estimates of project costs have been updated. The projects are compared to alternative

sources of power and energy.

The Report's purpose is to help officials in Kyrgyzstan and the other states of the CAR, and
potential financing agencies to decide whether or not to proceed with a more detailed
assessment of the costs and benefits of these projects.
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2. THE POWER SYSTEM OF THE CENTRAL ASIAN REPUBLICS

2.1 The Present Situation

The Central Asian Power System (CAPS) comprises 85 power stations with an installed
generating capacity of close to 25,000 MW, of which 9,000 MW is hydropower plants and
around 16,000 MW thermal power plants (see Table 2.1). High-voltage transmission lines
link the power systems of the five countries for parallel operation. A schematic layout of the
500 kV transmission lines is shown in Figure 2.

The dependable capacity is now about 21,000 MW because many of the thermal plants date
back to the 1960s and cannot perform at their original capacity. Most of the thermal plants in
Uzbekistan and Turkmenistan are conventional gas-fired steam plants. In Kyrgyzstan and
Tajikistan the thermal plants are multi-fuel combined heat and power (CHP) plants. The
plants in South Kazakhstan are coal-fired.

The major hydropower plants are located in Kyrgyzstan (mainly the Naryn Cascade,

2,870 MW) and in Tajikistan (4,000 MW including the 3,000 MW project at the Nurek
Reservoir). The main power plants and load centers are connected by a 500 kV transmission
grid system that is in need of rehabilitation. The main facilities of the CAPS are summarized
below.

Table 2.1 Central Asian Republics: Power Plants and Transmission Lines
Country Installed Capacity (MW)
Thermal Hydro Total

Kazakhstan (South) 2,000 360 2,360
Kyrgyzstan 790 2,900 3,690
Tajikistan 300 4,000 4,300
Turkmenistan 2,600 0 2,600
Uzbekistan 9,800 1,700 11,500
Totals 15,490 8,960 24,450

Transmission Lines (km)

500kV 220kV

Kazakhstan (South) 1,080 1,300
Kyrgyzstan 541 1,252
Tajikistan 300 1,200
Turkmenistan 370 2,000
Uzbekistan 1,700 5,100
Totals 3,991 10,852

Under the Soviet regime, the CAPS were operated as an integrated system under the control
of the Unified Dispatch Center (UDC) at Tashkent. Surplus energy from the hydropower
plants displaced thermal energy in the summer, and Kyrgyzstan and Tajikistan imported
energy from the thermal plants in the winter. Also, Kyrgyzstan and Tajikistan imported fuel
in the winter for their CHP plants. The CAPS acted like a single, self-contained utility
company; no money changed hands for the imports of fuel and energy. In 1990, energy
generation reached 112,500 GWh, but then dropped sharply, followed by a slow recovery to
92,000 GWh in 2001 and a peak load of 15,500 MW.
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Since the early 1990s to the present time, the republics have operated their generating plants
in many ways as five independent power systems. Power exchanges still take place, but at a
lower level than in the 1980s, and the hydropower plants continue to provide frequency
control and system stability. Kyrgyzstan still imports fuel in the winter and exports surplus
hydro energy in the summer under annual agreements with Uzbekistan and Kazakhstan.

But the fuel deliveries fall short of Kyrgyzstan's needs; this has led to a cutback in the output
of the CHPs that in turn has driven up the consumption of electricity for home heating. A
similar situation prevails in Tajikistan. The response in Kyrgyzstan has been to operate the
main storage reservoir at Toktogul on the Naryn River (a tributary of the Syr Darya) to
maximize output of the hydropower plants in the winter. This has created downstream water
management problems (see Chapter 3).

2.2 Integrated Operation: Potentials and Problems

If the five countries were to integrate their power operations more fully than at present the
following benefits would accrue:

o A more efficient use of resources by an "economic dispatch" in which thermal
and hydro units are operated in a way that minimizes fuel and other operating
costs.

o A sharing of generating capacity in order to reduce the reserve requirements of

the individual systems.

o Operation of the hydropower plants to provide system stability, frequency control
and rapid response peaking.

o Energy transfers to Kyrgyzstan and Tajikistan in the winter to supplement fuel
deliveries.

. Rational use of the hydropower resources to ensure that all reservoir releases flow
through the power plants (no spilling of water).

o A return to reservoir release patterns that accord with downstream irrigation and
environment needs.

In recent years, the power operations in most of the five countries have been unbundled into
separate generation, transmission and distribution companies. An economic dispatch would
be of interest to generating companies if the import or export of energy or peaking capacity
produces a financial gain. However, at the present time, gas prices in some countries are
below market prices and in effect fuel costs are subsidized; this weakens the incentive to
import energy.

Therefore, a prerequisite for efficient energy trading is uniform fuel pricing. The main
obstacles to a return to an integrated system are differences in the economic and financial
status of the five countries. Kazakhstan and Turkmenistan have large foreign exchange
earnings from fossil fuel exports that can pay for new thermal generating capacity.
Uzbekistan has its own gas resources but the foreign exchange for the purchase of new
generating capacity is limited. Kyrgyzstan and Tajikistan have hydropower resources that are
seasonal and leave them with large winter energy deficits, and they are short of fossil fuel and
the foreign exchange needed for its purchase. There is some scope for Kyrgyzstan and
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Tajikistan to trade their hydro energy in the summer for winter fuel and energy, but this
option is limited by winter energy shortages in Uzbekistan and South Kazakhstan.

Nevertheless, power exchanges continue to be managed by the UDC for a variety of technical
reasons, and also to allow the summer hydropower surplus to be absorbed under the 1998
Framework Agreement on the Use of Water and Energy Resources in the Syr Darya basin.
The Naryn Cascade in Kyrgyzstan is consistently operated without spilling water but spilling
has recently taken place at the Nurek plant in Tajikistan.

Natural Resources Management Program




3. THE KYRGYZSTAN POWER SYSTEM

3.1 The Present Situation

The main source of power in Kyrgyzstan is the complex of hydropower plants on the Naryn
River, known as “the Naryn Cascade”. The Naryn River is the main tributary of the Syr
Darya and accounts for 30 % of its total runoff (see Figure 3). The Naryn Cascade (Figure 4)
has an installed capacity of 2,870 MW that consists of the Toktogul Reservoir and its 1,200
MW power plant and four downstream run-of-river plants, Kurpsai (800 MW), Tashkumyr
(450 MW), Shamaldysai (240 MW), and Uch-Kurgan (180 MW). Annual energy generation
is about 10,600 GWh. There are also smaller hydroelectric projects in Kyrgyzstan that have
an installed capacity of 70 MW. Annex C shows the basic data of the existing and planned
larger hydropower projects.

The thermal energy generated is based on imported fuel for the Bishkek (680 MW) and Osh
(50 MW) combined heat and power plants (CHP). These plants are intended to meet the
deficit in hydro energy in the winter months and supply steam for the district heating systems
of Bishkek and Osh. They are old and suffer from deferred maintenance and replacement; it
is reported that the monthly energy that can be produced is no more than 250 GWh compared
to 450 GWh in the 1980s.

The energy production of the Naryn Cascade is primarily determined by the outflow of water
from the Toktogul Reservoir, and in part by the reservoir level. In the past three years the
energy generated by Naryn Cascade was 11,906 GWh (1999), 13,414 GWh (2000) and
12,137 GWh (2001). In these years, inflow to Toktogul was above the long-term average of
12.0 bem: 25% in 1999, 9% in 2000 and 9% in 2001. In 1999, the volume of water in the
Toktogul Reservoir was increased by 0.9 becm to 14.5 bem by end of the summer, but in 2000
and 2001 the reservoir was depleted in order to enhance the energy output of the Cascade,
and this process was continued in early 2002, with the reservoir being depleted to a volume
of less than 8 bcm. The reservoir recovered in the summer of 2002 due to ample inflow, and
also reduced releases at the request of the downstream riparians.

3.2 Power Operations in Relation to Water Management

One of the main transboundary water and energy issues in Central Asia is the operation of the
Toktogul Reservoir in Kyrgyzstan, in the upstream reaches of the Syr Darya basin. Before
1991, when the Syr Darya was operated as an integrated water and power system, the
summer releases from Toktogul averaged 8.1 becm, or 71 percent of the inflow.

There were two reasons for the pre-1991 operating regime. First, was the desire to hold as
much water as possible in the reservoir during the winter as a reserve against a low summer
inflow. Second, was the need to avoid high winter flows into the Lower Syr Darya when its
capacity is restricted by ice formations. Under this operating regime, the winter fuel needs of
Kyrgyzstan’s 680 MW of combined heat and power (CHP) plants were supplied by the other
republics. In addition energy was transmitted to the Kyrgyzstan through the CAR
transmission grid when necessary.

Since independence in 1991, the energy demand patterns of Kyrgyzstan have changed
drastically. At the same time, the fuel supply arrangements under the Soviet system were
disrupted. Due to fuel shortages the output of the CHP plants was halved, giving rise to
increased electric power demand by the population for heating, hot water supply and cooking,
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stimulated by very low tariffs. To meet the high winter demand for electricity, the operation
mode of the Toktogul Reservoir was switched from irrigation to electricity generation, which
requires major water releases during winter when power demand is highest. As a result, the
winter releases from the reservoir increased from average 2.7 bem before 1991 to average 7.2
bem since 1991 (or from 24% of average reservoir inflow before 1991 to 56% of average
inflow after 1991).

The sharp increase in winter releases has caused a major environmental impact. Winter
inflows to the Chardara Reservoir in Kazakhstan have risen by 30%. But the Lower Syr
Darya does not have enough capacity in the winter to transport surplus flows to the Aral Sea;
in part this is because of the poor condition of the structures on the river, numerous man-
made obstacles, and also the formation of ice jams. In the 1980s, there was only one spill
from Chardara into the nearby Arnasay Depression in Uzbekistan, but since 1992, annual
spills have accumulated 30 bem in the Depression. This has damaged land and infrastructure
in Uzbekistan and deprived the Syr Darya Delta and the Northern Aral Sea of much-needed
water.

The corresponding reduction in summer releases from the Toktogul Reservoir contributed to
considerable water stress in Uzbekistan and reduction of the irrigated area in Kazakhstan.
Since 1991, the summer releases from Toktogul Reservoir have averaged 6.0 bcm, only 46%
of the inflow. The impact of the decline in summer releases on agriculture have been
mitigated to some extent because farmers have switched some of their land from summer
crops to winter wheat (planted in October and harvested in May/June). However, this change
in the cropping pattern is believed to be mainly for economic reasons rather than a water
shortage.

To address these problems, in the first half of the 1990’s, the Syr Darya basin countries
entered into a number of ad hoc annual agreements on water/energy exchanges between the
upstream and downstream countries in the Syr Darya basin. In 1997, the Heads of States
sought to place these agreements on a more formal footing. USAID/CAR provided technical
assistance to high level ministerial delegations at various meetings and roundtables that led to
the March 17, 1998 Framework Agreement between Kazakhstan, Kyrgyzstan and Uzbekistan
on the Use of Water and Energy Resources of the Syr Darya Basin. Tajikistan became a party
to this Agreement on June 19, 1998.

The main articles of the agreement provide for:

. Annual agreement on the operation of reservoirs of the Naryn-Syr Darya
Cascade, the production of electricity, and the compensation for energy losses.

. The transfer of energy, in excess of the needs of Kyrgyzstan, in equal amounts to
Uzbekistan and Kazakhstan.

o Compensation in equivalent amounts of energy resources, such as coal, gas,
electricity, and fuel oil, or in monetary terms as agreed upon for annual and multi
-year storage in the reservoirs.

The Agreement has a five-year validity that is automatically renewed unless any of the parties
object. It serves as a basis for preparation of the annual bilateral and multilateral agreements
on the use of water and energy resources of the Naryn-Syr Darya cascade of water reservoirs.
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In 1998, high tributary flows greatly reduced the water demand in the Syr Darya basin and
Toktogul releases were held to 3.8 bem in the summer by mutual agreement. But, since then,
the summer release has been close to 6 bcm. Fuel has been delivered to Kyrgyzstan as
required, albeit with occasional delays. Data for 2001 shows that the deliveries for the winter
0f'2001/2002 were in line with agreements reached in mid-2001. Nevertheless, there is still a
shortage of fuel for winter electricity generation in the Kyrgyz CHP plants; downstream
countries still report irrigation water shortages; and losses in the Arnasay depression remain
high.

To balance its shortage of fuel for winter energy generation, Kyrgyzstan has had to increase
reservoir releases and power generation from Toktogul in the winter. In recent years, annual
releases from the reservoir have substantially exceeded annual inflows, despite substantially
higher than average inflows of water into the reservoir.

3.3 Load Forecast

Since independence in 1991, the demand patterns and the fuel-energy balance of Kyrgyzstan
have changed drastically. Due to complications in intergovernmental relations and account
settlements, introduction of national currencies, rising prices of oil, coal, natural gas and
higher transportation costs, the supply of fuel to Kyrgyzstan was reduced. The loss of foreign
markets for most of Kyrgyzstan's exports caused a sharp drop in the electricity demand of the
industrial and agriculture sectors.

At the same time, the fuel supply arrangements under the Soviet system were disrupted and
Kyrgyzstan experienced a shortage of fuel for the CHP plants. The decline in heat output led
to a sharp rise in the use of electricity for domestic purposes. The drop in demands for
industry and agriculture was more than offset by a rapid growth in residential demand that
was further stimulated by very low tariffs. Since electricity losses are higher in the residential
sector this also contributed to a four-fold increase in losses.

The dramatic redistribution of demand among consumer groups, and the corresponding
growth in losses within the last ten years is illustrated in Table 3.1. This table is based on data
provided by the State Energy Agency and shows a very high level of losses of 42% of gross
consumption (generation plus imports minus exports).

Table 3.1 Demand by Consumer Group.
Consumer Group Demand (GWh)
1991 1999 2000 2001

Industry 3,509 1,531 1,369 1,286
Commercial 1,178 1,262 1,365 1,551
Agriculture 1,986 656 586 508
Residential 1,455 3,802 4,455 3,179
Losses 1,064 3,740 3,839 4,806
Gross Consumption 9,192 11,222 11,876 11,572

The growth in gross consumption in recent years is largely due to the higher level of
technical losses. Annex A shows monthly generation, imports and exports for the years 1999,
2000 and 2001, from which it can be seen that the January energy demand is more than three
times the demand in the summer months, and percentage losses in the winter are much higher
than in the summer.
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As aresult, the system load factor is very high in the winter months (over 80%); this is
typical of a system where demand is limited by the supply. Tariffs are low, less than 1US
cent per kWh, and the rate of collection is poor. The resulting low revenue and Kyrgyzstan's
low foreign exchange earnings limit the ability to purchase fuel to cover the fuel requirements
needed in addition to what Kyrgyzstan imports from the downstream countries through the
implementation of the 1998 Agreement (see previous section).

Kyrgyzstan depends for most of its energy on the seasonal output of its hydropower plants,
which varies from month to month according to releases form the Toktogul Reservoir.
Therefore a load forecast has to estimate the monthly as well as the annual demands. Also,
the effect of loss-reduction programs (as recommended in the USAID TWEP report "Support
to Electricity Loss Reduction in Kyrgyzstan" dated 23 September, 2002 by PA Consulting)
has to be taken into account. Other factors that would tend to limit load growth are the
impacts of higher tariffs and the constrained supply until new capacity is added to the
Kyrgyzstan system.

In 2000, the electrical energy that was paid for by end-users was 7,800 GWh. The losses of
3,800 GWh in that year can be assumed to include 50% (1,900 GWh) of energy that was used
but not paid for. Thus, the actual end use was possibly about 9,700 GWh. For the purposes
of this report the demand by 2010 and 2015 assumes 1.3% annual growth in end use,
technical losses of 18%, and a winter/summer ratio declining from 3.2 to 2.0. System load
factors are assumed to be 65% in the winter and 55% in the summer. From now to 2005, the
effect of loss reduction and higher tariffs will be small and it is assumed that gross
consumption grows at 1.0 % annually. These assumptions lead to the load forecasts
presented in Annex B. It should be noted that the findings of this report are not particularly
sensitive to the load forecasts.

34 Alternative Toktogul Operating Regimes

The hydro energy produced by the Naryn Cascade in 1999, 2000, and 2001 was much higher
than the long-term average. In those years the outflows were 13.1 bcm (1999), 14.8 becm
(2000) and 13.8 bcm (2001). Over the long term, the outflow should not normally exceed the
average inflow of 12.0 bem and this would produce on average about 10,700 GWh compared
to the average for the last three years of 12,500 GWh. Therefore, the objectives of the
operation studies are to examine, under conditions of average annual reservoir inflow, the
effect of different operating regimes on (a) annual and seasonal energy shortages and the
need for fuel and energy imports and (b) the peak monthly winter energy deficit. There are
basically three operating regimes that could be adopted at Toktogul Reservoir:

. T65. This regime is similar to the pre-1990 situation, when the summer outflow
from Toktogul was about 65 % of the annual inflow (7.8 becm).

J T55. This regime is more or less similar to the present situation when a summer
outflow of 6.5 bcm is maintained (this is 55 % of the average annual inflow).

o T22. This regime would concentrate most of the outflow in the winter months so
that the summer outflow is only 2.7 bem (this is 22 % of the average annual
inflow).

A monthly operation study was run for the Naryn Cascade for an average flow year (12.0
bem) for each of these regimes. It is assumed that 250 GWh is available in any month from
the existing thermal plants. Demands are for the year 2005 (5 % higher than the Year 2000
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demand). The calculations and results of the operation study are presented in Annex D and

summarized in Table 3.2 below.

Table 3.2 Comparison of Toktogul Operating Regimes.
Results Operating Regimes Regime (all figures in GWh)
T65 T55 T22
Annual Energy Demand 12,484 12,484 12,484
Hydro Energy Generation 11,012 10,983 10,732
Sum of Monthly Surpluses 3,559 2,355 0
Sum of Monthly Energy Deficits: 5,031 3,856 1,804
Supplied by Existing Thermal Plants 1,500 1,500 1,760
Supplied by Energy Imports 3,531 2,356 43
Net Annual Energy Deficit 1,472 1,501 1,804
Maximum Monthly Energy Import 784 666 43

The conclusions to be drawn from this analysis are as follows:

The high level of hydropower generation since 1999 is not sustainable. It has (a)
exaggerated the size of the summer energy surplus from the Naryn Cascade and
(b) disguised the size of the overall energy deficit in the Kyrgyzstan Power
System.

The Kyrgyzstan Power System will face large and growing energy deficits in the
years before Kambarata 1 might be in service. Kambarata 2 would not
significantly relieve the winter energy shortage because it produces only 290
GWh in the winter. Summer production of about 970 GWh would increase the
hydro surplus that can be traded for winter fuel and thereby reduce the annual
surplus.

None of the operating regimes, even Regime T22, the most extreme "power
oriented," eliminates the need for either large imports of fuel for the existing
thermal power plants or imports of electrical energy.

The annual hydro energy generated differs little between the three regimes. The
high summer flow regimes (T65 and T55) tend to operate at higher heads during
the high flow months and, therefore, produce slightly more annual energy than
Regime T22. In other words, the "irrigation regimes" produce more annual
energy than a "power regime".

The annual energy deficit does not differ greatly between the three regimes, but
the seasonal distribution of deficits and surpluses are quite different. In Regime
T22, there are no months with a hydro surplus because of the concentration of
reservoir releases in the winter, and most of the winter deficit is met by running
the existing thermal plants. In Regimes T65 and T55, there are large summer
surpluses and most of the winter deficit is met from imports of energy.

The very low reservoir release in the main growing season of Regime T22 would be
unacceptable to the downstream riparians and remove their incentives to deliver winter fuel
and energy through implementation of the 1998 Agreement. One of the main problems
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created by the post-Soviet operation at Toktogul has been environmental; namely the large
unusable winter releases spilled into the Arnasay Depression Regime. T65 has an advantage
over Regime T55 in that it might be more effective in reducing spills into the Arnasay
Depression and increasing the flow into the Northern Aral Sea. An ongoing World Bank-
financed project is designed to remove some of the structural obstacles to winter flow in the
Lower Syr Darya. The outcome of this project will have a bearing on the choice of operating
regime for Toktogul.
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4. THE KAMBARATA 1 AND 2 PROJECTS

4.1 Existing Studies and Data

In 1993, Harza Engineering Company, under contract to USAID, prepared a report entitled
"Evaluation of the Hydroelectric Development Program of Kyrgyzstan". Kambarata 1 and
Kambarata 2 and other smaller hydroelectric projects were reviewed using data from
investigations and plans made in the Soviet era.

Kambarata 1 and Kambarata 2 are on the Naryn River (Figure 2) and are the largest projects
listed in the Harza Report. While many sites for hydropower development have been
identified in Kyrgyzstan, their winter energy production is very low. Some small-scale
hydropower projects have been built and others might be developed to serve local
communities.

For Kambarata 1, two types of dam were considered: an arch dam and a rock-fill dam. The
rock-fill alternative would employ a method pioneered by Soviet engineers in which the sides
of the valley are blasted to form a dam, termed a "blast-fill dam". For Kambarata 2, two
alternatives were considered, a rock-fill dam and blast-fill dam. The Harza report has
drawings, construction quantities, and unit prices for both alternatives.

The main features of the two projects are as follows:

Kambarata 1 Kambarata 2
Height of dam 245 m 60 m
Gross Reservoir Volume 4,500 mcm 70 mem
Dead Storage Volume 380 mcm 62 mcm
Average Annual Reservoir Inflow 10,463 mcm approx. same as Kambarata 1
Maximum Head 233 m 50 m
Minimum Head 106 m 47 m
Installed Capacity 1200/1600 MW 400/600 MW

4.2 Dam Alternatives Considered

For this Report, the arch dam alternative (Figures 5 and 6) was used as a basis for the
Kambarata 1 cost estimate since there are no blast-fill dams that have been subject to
international competitive bidding. Harza proposed an installed capacity of 1,700 MW for the
arch dam alternative. The intent was apparently to export power to other Asian countries
outside of the CAR (a 706 km transmission line was proposed). With Kambarata 1 and
Kambarata 2 on line, Kyrgyzstan would have a surplus of peaking capacity and would be in a
position to export power within the CAR.

However, it should be noted that the export of peaking capacity involves some export of
energy that will still be in short supply in the winter (for example, export of 1,000 MW for
three hours per day requires 90 GWh in one month). For the needs of Kyrgyzstan alone, an
installed capacity of 1,200 MW has been adopted for Kambarata 1 since this would be
sufficient to exploit the full energy potential of the site. It would be a simple matter to install
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additional units in the future, and the cost estimate covers the works needed to permit such
expansion.

The rock-fill alternative (Figures 7 and 8) was used for the Kambarata 2 estimate. Harza
proposed an installed capacity of 350 MW. For Kambarata 2 as a single project this study
adopts a capacity of 400 MW (2X200 MW) in the absence of Kambarata 1. For Kambarata
2, with Kambarata 1 in place, the winter energy generation (but not the annual energy
generation) would be higher and therefore a third 200 MW unit could be installed to bring the
capacity to 600 MW.
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5. CoST ESTIMATES

5.1 Kambarata 1

The Ertan Hydroelectric Project in China, completed in 2000, was used as a reference for unit
prices (quoted by the lowest bidders) to be applied to the Harza quantities. Ertan has a 240 m
high arch dam and an installed capacity of 3,300 MW. Details of the cost estimate are given
in Annex F.

The main changes from the Harza estimate are:

o An installed capacity of 1,200 MW (see above) instead of the Harza plan for
1,700 MW. The civil works for the 1,700 MW are retained so that the estimate
covers future expansion.

o A cost/kW for generators and turbines of US$ 120 based on the Ertan costs.
o A 20 % contingency is applied only to the civil works.
. Additions to the Harza estimate included higher costs for the preparatory works

and mobilization; an item for river diversion and care of water.

. A 260 km transmission line to connect Kambarata 1 to Northern Kyrgyzstan and
Kazakhstan instead of a 706 km line.

The result is a cost for Kambarata 1, of US$ 970 million in 1990 prices. It then becomes
necessary to convert this 1990 price to constant 2002 US dollars. An accepted World Bank
method to convert past costs to constant dollars is to apply the Index of the Value of
Manufactured Export, commonly referred to as the MUV Index.

The following table shows figures from May 2002 of the Worlds Bank's Economic Policy
and Prospects Group (the Index base level is 2001):

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001
104.2 | 1063 | 1104 | 111.2 | 115.2 | 122.0 | 116.0 | 107.9 | 103.8 | 103.5 | 101.5 | 100.0

The estimated figure for 2002 is 99.5. Thus, for practical purposes the 1990 cost is
essentially the same when converted to 2002 constant dollars. However the situation at Ertan
was more favorable than at Kambarata 1. Ertan was well served by a railway, and the
Chinese economy could provide cement, steel etc. at competitive prices. Thus, the 2002 cost
has been raised by 20% to allow for this and it becomes US$ 1,163 million.

5.2 Kambarata 2

The Harza unit prices were used except where the Ertan prices were considered more
appropriate. Details of the cost estimate are given in Annex F. The main changes from the
Harza estimate are:

. A cost/kW for generators, turbines transformers of US$ 130 (based on a lower
head than Kambarata 1).
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o An initial installed capacity of 400 MW, increased to 600 MW when Kambarata
2 is operated in conjunction with Kambarata 1.

o A 20% contingency is applied only to the civil works.

) Additions to the Harza estimate included an item for river diversion and care of
water.

Some work has already been done at the site, including the construction of diversion tunnels,
but no allowance is made for this in the cost estimate. The cost in 1990 dollars is US$ 227
million. After the same adjustments as for Kambarata 1, the cost is US$ 280 million.
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6. BENEFITS TO THE CAR AND KYRGYZSTAN ENERGY SYSTEMS

6.1 Results of System Operation Studies

The purpose of the system operation studies is to estimate monthly and annual energy
produced by the Kambarata Projects along with Toktogul and the other hydropower projects
in the Naryn Cascade. This output is then compared to monthly system demands in order to
arrive at deficits and surpluses in monthly energy and power generation after allowance for
the output of existing thermal power plants. Details of the system operation studies are given
in Annex E.

These power and energy balances are carried out for the years 2010, the earliest at which
Kambarata 1 could be on line, and 2015, possibly several years after Kambarata 1 is in
service. For Kambarata 2, as a stand-alone project, its in-service date is left indeterminate
since neighboring CAR countries could absorb its peaking capacity as soon as it could be
built. Without Kambarata 1, Kambarata 2 is mainly a summer energy producer and would do
little to solve Kyrgyzstan's winter energy problem.

The annual inflow to Kambarata 1 is about 88% of the inflow to the Toktogul Reservoir.
Stream flow data and the characteristics of reservoirs and power plants are taken from the
Soviet records.

The studies are made for Kambarata 1 with Kambarata 2, and also for Kambarata 2 alone. In
all cases they are combined with the existing Naryn Cascade. The live storage capacity of
Kambarata 1 is 4.12 bem. With that capacity the project could be operated without spilling
water past the powerhouse. In other words the entire flow of the Naryn River at the site
would be fully controlled and regulated. Although the operation of Kambarata 1 would
modify the seasonal pattern of inflow to the Toktogul Reservoir it would not in any way limit
the operators of Toktogul Reservoir in their choice of monthly releases patterns. This is
because the live storage of the Toktogul Reservoir is so large, almost equal to the average
annual inflow, that it allows a high degree of regulation. All studies are done for an average
water year.

The Kambarata 1 reservoir is operated to meet certain targets for the reservoir content at the
end of each month. A rule curve defines the end-of-month reservoir content. For example, if
the figure for January is 0.65, the end-of-month content is 0.65%4,500 million cubic meters
(mcm). Two rule curves were adopted in the alternatives examined. Rule Curve RW is
designed to maximize the winter energy production; this requires drawing on the live storage
of the reservoir of 4.12 bem in the winter months. Rule Curve RA aims to maximize the
annual energy production by keeping the reservoir at its maximum level most of the year
except when (a) it is drawn down a small amount in the winter months to improve the
performance of Kambarata 2 and (b) held to 90% of reservoir capacity in May and June for
flood control purposes. A manual adjustment of the monthly releases between October and
March is made to produce a more or less even amount of monthly energy in the winter
months. In all the options studied the Toktogul reservoir is operated to provide a specified
release in the summer.

The storage at Kambarata 2 is too small to provide seasonal regulation, but it can provide
daily regulation. Without Kambarata 1, the energy production of Kambarata 2 in the winter
months is so low that it could run at full capacity for only two to three hours. With the

Natural Resources Management Program



TRANSBOUNDARY WATER AND ENERGY PROJECT -19

Kambarata 1 operating upstream, the winter energy is increased and its capacity as a peaking
plant can be raised from 400 MW to 600 MW. A separate study is made of Kambarata 2 as a
stand-alone peaking project. The results obtained are summarized in Table 6.1, and details

are presented in Annex E. Alternatives A and B with a summer outflow of 7.8 bcm at
Toktogul show the effects of rule curves for maximizing annual energy or winter energy.
Alternatives C and D with a summer outflow of 6.5 bcm also show the effects of the two rule

curves.
Table 6.1 Comparison of Alternatives for the Year 2015
Results Alternative (All figures in GWh except where noted)
Alternative A | Alternative B | Alternative C | Alternative D

Toktogul Regime T65 T65 T55 T55
Summer Outflow from 7.8 bcm 7.8 bcm 6.5 bcm 6.5 bcm
Toktogul
Rule Curve RW RA RW RA
Energy Demand 13,893 13,893 13,893 13,893
Hydro Energy 16,893 17,956 16,879 17,946
Generation

- Kambarata #1 4,624 5,737 4,624 5,737

- Kambarata #2 1,256 1,256 1,256 1,256

- Cascade 11,014 10,963 11,000 10,954
Summer Hydro Surplus 4,334 7,077 3,196 5,941
Winter Demand minus 1,334 3,014 209 1,888
Hydro:

- Supplied from

Existing Thermal 1,168 1,500 209 1,469
- Supplied by Energy
Imports 166 1,514 0 538

Max. Monthly Import 121 429 0 214
Annual Energy Surplus 3,000 4,063 2,986 4,053
Summer Peak Surplus 2,862 MW 2,953 MW 2,853 MW 2,954 MW
Winter Peak Surplus 894 MW 1,196 MW 871 MW 1,173 MW

The positive feature of Alternative C in comparison with the other alternatives is the lowest
winter demand on the existing thermal plants. This alternative is adopted as a basis for the
discussions and economic analyses that follow in this report; it involves a summer release
from Toktogul of 6.5 becm, and a rule curve that maximizes winter energy. The downstream
riparians might favor a somewhat higher summer release from Toktogul in most years; this
could be accommodated without a major change in the monthly pattern of the energy deficit.

6.2 Contribution to the Kyrgyzstan Energy System

The basic problem with the Kyrgyzstan power system is that the Naryn Cascade and the
existing thermal plants cannot meet winter energy demand. By the Year 2005, with no
additional capacity in service and average river flows, Kyrgyzstan will have an annual energy
deficit of about 1,500 GWh, composed of a winter deficit of 3,900 GWh and a summer
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surplus of 2,500 GWh (Table 3.2). This assumes the existing thermal plants will be available
in all months to produce 250 GWh. Under present conditions, the peak monthly deficit will
be 760 GWh, which is equivalent to the continuous output of a 1,000 MW power plant. The
energy deficits have not reached these levels in the past because of unusually high inflows
coupled with unsustainable withdrawals from the Toktogul Reservoir.

At present, Kyrgyzstan imports fuel in the winter and surplus hydro energy is exported under
the terms of the 1998 Framework Agreement. Unfortunately, this alone is not enough to
meet the winter deficits. A large block of winter energy will soon have to be imported from
Uzbekistan or Kazakhstan or both. Thus, the importation of winter energy could conceivably
be financed by the sale of the summer hydro surplus. Kyrgyzstan will soon face more severe
shortages than have been experienced in recent years. Hydro energy generation has been
30% above sustainable levels. Table 3.2 shows that the large deficits far exceed Kyrgyzstan's
existing thermal capacity (that relies on imported fuel). Rehabilitation of existing thermal
plants is urgently needed.

Of the two upstream hydropower projects, Kambarata 2 could come on line at the earliest in
2007. But this project’s annual output of only 1,260 GWh (290 GWh in the winter) would not
help significantly to relieve the winter energy deficit. By 2015, with Kambarata 1 and
Kambarata 2 in the system, Kyrgyzstan would have an annual energy surplus, mostly in the
summer months of about 3,000 GWh and considerable excess peaking capacity, and the
winter energy deficit would be eliminated.

Thus, the main elements of a power development plan for Kyrgyzstan are:

o Rehabilitation of the existing thermal power plants at Bishkek and Osh to restore
their capacity to 680 MW and 50 MW respectively.

o Continued imports of fuel and energy in return for exports of the summer hydro
surplus under the 1998 Framework Agreement.

o Completion of the Kambarata 1 project and Kambarata 2 Projects.

. An aggressive program to reduce losses from the present level of over 40% to no
more than 18% (losses of 18% are assumed in the operation studies described in
Chapter 6).

. A program to encourage consumers to move from electric heating to gas heating,
and where possible coal heating.

J Investigation of Kyrgyzstan’s coal resources as a base for thermal power (in the
1980’s, over one million tons of coal was mined in the Kyrgyzstan, but
production is now down to 100,000 tons).

6.3 Contribution to the Central Asian Power System

As noted above, Kambarata 2, without Kambarata operating upstream would produce most of
its 1,260 GWh energy in the summer, and this would be of value to trade for winter energy.

It could also be of interest to South Kazakhstan or Uzbekistan as a peaking plant with a
capacity of 400 MW as a stand-alone project, or with 600 MW after completion of
Kambarata 1. The project might be a possibility for private financing.

Natural Resources Management Program



TRANSBOUNDARY WATER AND ENERGY PROJECT -21

If Kambarata 1 and Kambarata 2 were both in service (installed capacity of 1,800 MW) there
would be capacity in excess of Kyrgyzstan's needs of 1,000 MW in the winter and 2,800 MW
in the summer (this includes the surplus summer peaking capacity of the Cascade), and a
hydro energy surplus in the summer months of 3,000 GWh. Hydropower plants are also
valuable components of a mixed thermal-hydro system because they respond quickly to
sudden load changes and provide frequency regulation and system stability.
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7. EcoNOMIC FEASIBILITY

7.1 Method of Analysis

One way to test the competitiveness of a hydropower project is to compare two alternative
system expansion plans. The project in question is included in one plan and in the second
plan its place is taken by the least-cost alternative. The operation of the two plans is then
simulated on a monthly basis for about 30 years, and all capital and recurrent costs are then
discounted to the present at an appropriate discount rate. The plan with the lowest present
value is the preferred solution.

However, such a method calls for more data than is currently available for the Kyrgyzstan
power system and, therefore, a direct comparison of Kambarata 1 with a thermal power
alternative has been adopted. Possible thermal alternatives are a coal-fired steam plant
fuelled by imported coal or coal from Kyrgyzstan's Kara Keche mine, or a gas-fired plant
fuelled by imported gas. There are no current estimates of the coal-fired option and it is
unlikely to be less costly in capital or operating costs than a gas-fired plant. Therefore, the
least-cost alternative adopted is a gas-fired combined cycle plant. The analysis includes:

. A comparison with the least-cost alternative that produces an equalizing discount
rate (EDR). This is the rate that equalizes the present value of the cost streams of
the hydro project and the least-cost alternative. A hydro project has a high capital
cost and low operating cost, whereas the reverse is true for a thermal power
project. A low discount rate favors a hydro project, but its justification must rest
on an acceptable discount rate. In general this is taken as the opportunity cost of
capital that is often assumed to be in the range of 10-12%.

. Calculation of the economic rate of return (ERR), in which the benefit stream is
the average annual energy production (after losses and station use) priced at the
higher of the retail tariff or the consumers' willingness to pay.

7.2 Kambarata 1

Kambarata 1 is compared to a 1,200 MW gas-fired combined cycle with a capital cost of US$
750/kw (including additional pipeline capacity) and a fuel cost of 2 cents per kWh (based on
the current Uzbekistan export price of US$ 54 per 1,000 cubic meters). With these
assumptions, the EDR is 11%. For the economic analysis, a willingness to pay of 6
cents/kWh and losses of 20% were assumed. This gives an ERR of 12%.

It can be concluded from this analysis that Kambarata 1 is competitive with the least-cost
thermal alternative. It also has the considerable advantage that it avoids the use of imported
fuel. If the scarcity value of foreign exchange were taken into account, Kambarata 1 would
become more attractive.

Even though operation of the power systems of the CAR countries is less integrated than in
the Soviet times, hydroelectric plants still have a role in providing system stability. As the
CAR systems grow, the role of the Naryn Cascade and Kambarata 1 will become more
important. However, the benefits of Kambarata 1 in terms of frequency control and spinning
reserve have not at this stage, been quantified.
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7.3 Kambarata 2

Kambarata 2 would operate as a peaking plant. If it were built and operated in the absence of
Kambarata 1, it would be a 400 MW plant, with provision for future installation of a third
200 MW unit on the completion of Kambarata 1. Kambarata 2 has been compared to a gas
turbine, commonly installed for short-duration peaking, with a capital cost of US$ 400/kw
and a fuel cost of 2.4 cents per kWh. With these assumptions, the EDR is 15%. With the
same assumptions as Kambarata 1, the ERR is 13%. It can be concluded from this analysis
that Kambarata 2 is competitive with the least-cost thermal alternative.
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8. WATER MANAGEMENT, SOCIAL, AND ENVIRONMENTAL IMPACTS

The basic problem with the Kyrgyzstan power system is that the hydropower projects of the
Naryn Cascade (the 1,200 MW Toktogul dam and reservoir, and 1,670 MW of run-of-river
hydropower plants), produce most of their energy in the summer, whereas the peak energy
demand is in the winter months. The result is a high winter demand on the existing thermal
power plants that requires large imports of fuel and energy. Consequently, the operators of
Toktogul aim to maximize reservoir releases and energy production in the winter and
minimize reservoir release to the downstream countries in the summer.

To address this energy/irrigation conflict, the Syr Darya basin countries entered into the
March 17, 1998 Framework Agreement between Kazakhstan, Kyrgyzstan and Uzbekistan on
the Use of Water and Energy Resources of the Syr Darya Basin. Tajikistan became a party to
this Agreement on June 19, 1998. This provides for winter fuel to be delivered to Kyrgyzstan
in return for sales of hydro energy in the summer months.

The sharp increase in winter releases in the 1990s has also caused a major environmental
impact. Winter inflows to the Chardara Reservoir in Kazakhstan have risen by 30%. But the
Lower Syr Darya does not have enough capacity in the winter to transport surplus flows to
the Aral Sea; in part this is because of the poor condition of the structures on the river,
numerous man-made obstacles, and also the formation of ice jams. In the 1980s, there was
only one spill from Chardara into the nearby Arnasay Depression in Uzbekistan, but since
1992, annual spills have accumulated 30 becm in the Depression. This has damaged land and
infrastructure in Uzbekistan and deprived the Syr Darya Delta and the Northern Aral Sea of
much-needed water.

This report looked at the effect on Kyrgyzstan's winter energy shortage of different operating
regimes for the Toktogul Reservoir in the years before Kambarata 1 would be in service. It
was found that none of the operating regimes, even the most extreme “power oriented
regime”, eliminates the need for large imports of fuel and energy under present conditions.
By the Year 2005, with no additional capacity in service and average river flows, Kyrgyzstan
will have an annual energy deficit of about 1,500 GWh, composed of a winter deficit of 3,900
GWh and a summer surplus of 2,400 GWh. The energy deficits have not reached these levels
in the past because of unusually high reservoir inflows coupled with unsustainable
withdrawals from the Toktogul Reservoir. Hydro energy generation has been 30% above
sustainable levels. It is clear, therefore, that Kyrgyzstan’s needs for imports of fuel and
energy will continue to grow until new capacity is installed.

The addition of Kambarata 1 will eliminate the winter deficits and thereby eliminate the
conflict in the operation of the Toktogul Reservoir between the irrigation and environmental
needs of the downstream countries and the winter energy needs of Kyrgyzstan. Kambarata 2
would add to Kyrgyzstan’s summer hydro surplus that could be exchanged for fuel imports,
but it would not significantly reduce the winter energy deficits.

The adverse social and environmental impacts of Kambarata 1 and Kambarata 2 appear to be
quite limited. The reservoirs are reported to have no permanent residents and only a few
livestock herdsmen. Nevertheless, a detailed social and environmental study should be
carried out.

Natural Resources Management Program



9. NEXT STEPS

A workshop was held in Bishkek on February 25-26, 2003 to seek the comments of
Kyrgyzstan power sector officials on the report. This led to useful suggestions on technical
issues and a valuable exchange of views on the regional aspects of the two projects. This
report reflects the findings of the workshop.

Following discussion of this report with energy sector officials in Kazakhstan, the next steps
are likely to be as follows:

o Set up a Working Group of Kyrgyzstan and Kazakhstan experts to oversee the
following activities.

. Prepare more detailed feasibility studies for the two projects. These would
include an investigation of the possibility of staging Kambarata 1 including an
analysis of different configurations of the 500 kV transmission network. The
studies would present in more detail the costs and benefits of the projects and
their contribution to the power systems of Kyrgyzstan and its neighbors, and their
impact on water management.

J Investigate possible financing and institutional arrangements for further
development of the projects.

Natural Resources Management Program
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ANNEX E: KAMBARATA #1 AND #2 WITH TOKTOGUL AND CASCADE

J
Kambarata #1
Inflow mem 324
Rule Curve 8.45
Crutflow mem 1224
Reservoir BOM 2.925
Reservoir EOM 2025
Avg. Reservoir Content 2473
Avg.Head 185
Gwhimcm 0445
MW 953
Gwh 544
Fuil gate Gwh G696
Plant factor % I8
Kambarata #2
Inflow 1224
Curflow 1224
Gwhimem 0.12
MW 600
Gwh 147
Ful} Gate Output 438
Plant Factor 34
Tributary Inflow mom 77
Tokiogul
Inflow mem 1301
OCutflow yaem 660
Reservoir BOM 18,000
Reservoir EOM IR,041
Avg. Reservoir Content 18,321
Head 0
Gwh/mem 0.409
MW 127
Gwh il
Phant Factor 33
Kurpsai
Inflow mem 660
Gwh/mcm 0.221
MW 800
Gwh 146
Tributary Inflow mom 50
Tashkumyr
Inflow mem 710
Gwh/mem 0.127
MW 450
Gwh 90
Shamaldysai
nflow mcm 710
Gwh/mem 0.063
MW 240
Gwh 44
tieh Kurgan
Ieflow mem 716
Gwh/mem 047
MW 180
Gwh 50
Cascade Hydro 599
Towt Hydro GWh 1,291
Hydro Capacity MW 4,351

© e
kghaninekoe
3 g B
—-O\r—wm'muamlmw

(%)
20

79

1255
660
18.041
19,236
18,939
i73
0433
1165
274
32

660
0.22%
800
i46

45

703
0337
450
90

705
3062

TOKTOGUL REGIME T3 (7,848 BCM RE

ALTERNATIVE A

LAPRIL TO SEPTEMBER)

K#t RULE CURVE RW TO MAXIMIZE WINTER ENERGY

M

379
.10
1.054
1123
450
788
124
0.296
635
312
463
a7

1080
771
19,236
19,545
19,391
173
0421
1193
324

37

771
0.22%
800
179

H

842
041327
450
Hig

842
0062
240
32

842
0.07
180

7i3
1151
4.098

A M J J
673 1353 2201 1837
08 023 0.63 0.83
763 SEE 401 307
430 6 L1230 2923
360 1LEZS 29325 427
403 743 2025 3,600
167 122 171 216
0.236 0291 0410 03517
548 025 87% 1108
195 171 164 262
400 436 641 509
49 33 26 3z
163 338 401 507
763 588 401 507
G112 G.12 612 G2
600 600 600 600
92 7 48 6l
438 438 433 438
21 Ha 11 14
15 191 289 423
T8 e 690 930
1260 1380 1360 1300
13543 10063 8432 17812
19,063 18482 17812 17442
19,304 18,773 18,147 17,627
175 173 1) o7
0420 0414 G407 G408
1188 1155 1117 1085
529 563 353 521
61 67 43 60
1260 1360 1360 1300
6221 0221 0221 0.2
800 800 800 300
278 301 301 287
181 262 2l 131
1441 1622 1371 1431
0127 0127 0327 0127
450 430 450 450
183 206 200 182
1441 1622 157t 143}
9062  9.082 0062 0062
244 2 240 240
3y i 97 89
1441 1622 1571 1431
o7 0.07 007 0.07
130 180 180 180
101 14 Lo 100
1i80 1,283 1260 LIT79
1467  1.523 1473 1502
40006 4050 4265 4463

Page 34

A 8 0
1256 711 523
100 100 030
103t 71 973
4275 4500 4,500
4500 4300 4,050
4388 4500 4275
32 233 230
0.555 0560 0550
1199 1200 1180
§7: 398 536
869 %76 861
66 45 62
103 T 973
103 711 973
012 Gz 042
s00 600 600
124 8BS 117
438 433 438
8 19 27
183 T8 6l
1214 790 1134
1300 1260 660
17442 17.356 19000
17,356 1688 19474
17,399 17,121 19,237
166 165 173
03098 0395 0419
1071 1054 1134
518 498 276
66 65 32
1360 1260 660
0221 022t 9221
860 800 300
287 118 146
76 55 52
1376 1315 712
0.127 0127 G127
450 450 450
175 167 90
1376 1315 712
0062 0062 0.062
240 240 240
83 82 44
1376 1315 712
007 007 0.7
130 180 180
96 92 30
LI61  LILT 607
1857 1600 1,259
453t 43523 4634

438
.80
908
4,030
3,600
3,825
221
0.529
1134
480
828
58

208
908
G312
600
109
438
23

962
&60
19,474
19,406
19,437
176

0.421
1196
278

32
Sermer

712
0.127
450

712
0.062
240

712
0.07
180
50

6038
1.197
4.600

384
G.63
1.059
3.600
2925
3,263
208
0447
1067
537
T
68

1.059
1059
0.12
SO0
127
438
29

1169
771
19.000
19,338
19,169
174
D418
1180
322

37

771
G221
800
170

815
0.127
450
104

815
0.062
240
31

B135
0.07
180
57

1,463

463

4,624

1,258

1560

12822
12022

4,925

7,840

12,022

1,683

13,252

13,252

928

084
16,893



Total Hydre GWh
Hydro Capacity MW

2010 Energy Balance
KYG Energy Demand
Hydro Surpius
Thermal Defici
Suppiied by Fuel Imports
Supplied by Energy Impt
Anmuat Energy Surplus
2019 Capacity Balance
KYG Peak Demand
Surplus Capacity

2015 Energy Balance
KYG Energy Demand
Hydro Surplus
Thermal Deficit
Supplied by Fuel lmports
Supplied by Energy Impc
Annual Energy Surpiss
2015 Capacity Balance
KYG Peak Demand MW
Sarplus Capacity

et
IS

3,338
1913

3N
2150

M

1.151

4098

1,315

164

SUMMARY ALTERNATIVE A: T65/RW

A
1.467

4006

1.035
412

2,628
1.379

1,125
342

1,525
4,030

768
757

1,914
2.136

820
706

1,727
2323

1,473
4,265

742
731

1,849
2.416

792
6B

1,669
2,556

1,502
4,363

1,849
2614

792
710

1,669
2,794

Page 35

1,415

1,849
2.682

792
1,063

1,669
2,862

845

1.881
2042

806
794

1.698
2,825

O
1,259
4634

1.146
113

230
2,057

1197
4.600
1,302

165
105

2,745
1.835

2,928
1,672

D

1,358

4,516

1,485

127
127

3,129
1,387

ANNUAL
16,893

15024
4731
862
840
22

3,869

13,893
4,334
1.334
1168
166
3,000

TOTALS
WINTER
7.469

8218
113
862
240

22

8,766
36
1,334
1,168
166
3.008

SUMMER
9,424

4,806
4.018

oD

5,127
4,298

Lo o]



Kambarata #1
Inflow mcm
Rule Curve
Cutflow mecm
Reservoir BOM
Reservoir EOM
Avg. Reservoir Content
Avg Head
Gwh/mem

MW

Gwh

Full gate Gwh
Plant factor %

Kambarata #2
Inflow

Ouiflow
Gwhimem

MW

Gwh

Full Gate Output
Plant Factor

Tributary Inflow mom

Toktogul
Infow mom
Outfiow mom
Reservolr BOM
Reservoir EOM
Avg. Reservoir Contemt
Head
Gwhimem

MW

Gwh

Plant Factor

Kurpsai
Inflow mem
Gwhimem
MW

Gwh

Trbutary Inflow mem

Fashkumyr
inflow mcm
Gwh/mem
MW

Gwh

Shamaldysai
Inflow mem
Gwhimem
MW

Gwh

Uch Kurgan
Inflow mem
Gwh/ngm
MW

Gwh

Cascude Hydro
Total Hydro Gwh
Hydro Capacity

ANNEX E: KAMBARATA #1 AND #2 WITH TOKTOGUL AND CASCADE
ALTERNATIVE B
TOKTOGUL REGIME 65 {7,840 BOM RELEASEAPRIL 10 SEPTEMBER)
KL RULE CURVE RA TO MAXIMIZE ANNUAL ENE

I F M A M J i A 8 o N b Totals
324 342 379 673 1,353 220t 1,857 1,256 Tit 323 438 384 10463
094 091 0.89 09 9% 990 1.00 160 1.00 1Lo0 099 097
439 477 469 628 1,353 2,20 1407 1,256 711 523 502 474 10463
4365 4230 4,095 4005 4030 4050 4050 4500 43500 4500 4500 42453
4230 4095 4005 4050 4050 4050 4,500 4300 4,500 4500 4435 4365
4208 4,163 4050 4,028 4050 4,050 4275 43500 4500 4300 4478 4410
230 227 225 225 213 225 230 233 233 233 233 232
0551 0545 0540 0539 0540 0540 0550 0560 0360 03560 055 0555
1.182 34,169 1,i58 1.155 1,158 1138 1,180 1200 1200 1200 L1198 L1932
253 260 253 338 731 1189 774 T3 398 293 281 263 5737

863 8353 845 843 843 845 g6l 876 876 876 874 370
29 30 30 40 86 141 %0 80 43 32 30

[
Py

459 477 469 628 1353 2,201 1407 1,256 7it 523 503 474 10463
439 477 416G 628 1,353 2,201 1407 1,236 ik 523 503 474
Gz 612 G612 012 012 6lz o122 61z ez 012 0d2 0 612
23] 600 603 600 500 o0 6HO 600 600 600 600 GO

55 57 36 5 162 264 169 151 B3 63 60 57 1256
438 438 433 438 438 438 438 438 438 438 438 438

13 13 13 17 37 660 39 34 i9 14 14 i3

77 13 6 13 191 289 423 183 19 16} 54 30 1560

536 490 405 643 544 2490 1830 1439 790 684 557 524 12,022
660 660 771 1,260 1366 1360 1300 4,300 1260 773 660 660 12,022
18,000 17,876 7,706 17,430 16813 16997 18,127 18657 18,796 19,000 18913 19000
17.876 17,706 17430 16813 16997 18,127 18657 1879 18326 18913 10400 18864
17,938 17791 17,568 17,122 16,905 17.562 18,392 18727 18,561 18,957 19,157 18,932
169 168 Ha¥ 165 164 167 171 172 172 173 174 73
0404 0403 0400 0395 0393 0.400 0409 0413 0431 0416 0418 6415
1,104 1095 1,08t 1,054 1,040 LO8E £132 1152 1,042 L1167 1,179 1,165
267 266 308 498 534 544 532 537 518 321 276 274 4874
33 33 39 65 1 69 64 64 62 38 32 32
Summer 7.84¢

i) 66( 771 1260 1360 1360 1,300 1,300 1.260 77 660 66 12,622
0221 0221 0221 03221 0221 63221 022F 9221 0221 622 0221 0221

RO 500 860 800G 804 800 BOO 800 290 200 800 800

146 136 170 278 3N 3 287 287 278 170 146 146 2637

30 45 71 181 262 1T i3l 76 35 52 52 44 1230

710 T0E 842 1441 1622 1,571 143t 1,370 1,315 823 712 704 13252
0127 0127 G127 9127 0427 0127 02T 0327 0127 0027 027 0127
450 450 450 450 450 430 430 430 450 450 430 450

90 90 107 183 2060 200 182 175 167 103 90 80 1483

i 765 842 1441 1,822 1571 1a3r 1,376 1315 823 7i2 704 §3,252
6062 D062 0062 0062 0062 0062 0062 0062 0062 0062 0062 0962
240 240 240 240 240 240 240 240 240 240 240 248

44 44 52 1 101 97 89 85 82 51 44 44 822

TG 705 842 1441 1,622 1,571 1431 1,376 1315 823 712 704 137252
oo D07 0.67 0.07 G.o7 007 0.07 G.07 007 .07 0.07 607
180 180 180 180 180 180 180 350} 180 180 180 150

30 49 59 101 1i4 110 100 96 92 58 50 44 G928

597 594 697 1,149 1254 1231 1190 1181 1137 704 606 002 10963

905 911 1,007 1,563 2,148 2704 133 2,034 1621 1.060 948 923 17.956
4,356 4,534 4,509 4,479 4,468 43508 4382 4622 4612 4636 4647 4627

Page 36



Total Hydro Gwh
Peaking Capacity

2016 Energy Balance
KYG Encrgy Demand
Hyédro Surplus
Thermal Deficit
Supphed by Fuei Import:
Supplied by Linergy Imp
Annuai Surplus
2010 Capacity Balagsce
KYG Peak Demand MW
Surphus Capacity

2015 Energy Balance
KYG Energy Demand
Hydro Surplus
‘Thermal Deficit
Supplied by Fuel lmport
Supphied by Energy lmy
Anpraal Surplus
2015 Capacity Balance
KYG Peak Pemand MW
Surplus Capacity

205
45506

1,485

580

230
330

1.584

679
250
429

3,338
1.218

1485

573
250

a2

3,129
1,405

1.584

672
250

422

3,338
1,196

2772
1.737

1,403

397
2590
147

2,957
1,552

SUMMARY ALTERNATIVE B: To5/RA

1.563
4,479

1035
508

1.125

438

2372
2.107

M
2,148
4468

768
1.37%

1.914

2,554

1727
2,741

1.849
2,659

792
1912

1,669
2.840

2,133
4,582

742
1,391

1,349
2,733

792
1,341

1,669
2,913

Page 37

2,034
4,622

742
1.292

1,849
2,773

792
1,242

1,669
2,953

1,62l
4612

753
865

1,881
2,731

806
815

1,608
2,014

1,140

86
59
21

2,577
2,060

355
230
1G5

2745
1,902

1,389

250
192

2928
1,719

923

4.627

1,485

562
250
312

3,129
1,498

1,584
u]

661
250
411

17956

13.024
7.397
2,465
1.309
1,156
4932

13,893
7.077
3014

1300
134
4063

WINTER ${/MMER

5,733

218

2.463
1,309
1.156

8.766

3,614
1,500
1314

12,203

4806
1397

5127
7,877



Kambarata #1
Inflow mem
Rule Curve
Outflow mem
Reservoir BOM
Reservoir EOM
Avg. Reservoir Content
Avg Head
CGhwhimem

MW

Gwh

Full gate Gwh
Phant factor %

Kambarata #2
inflow

Outflow
Gwh/mem

Gwh

Fuil Gate Guiput
Piant Factor

Tributary Inflow mem

Toktogul
Inftow mecm
Cutflow mem
Reservoir BOM
Reservoir EOM
Avg. Reservoir Conient
Head
Gwh/mem

MW

Gwh

Plant Factor

Kurpsai
Inflow mem
Gwhimem
MW

Gwh

‘Fributary Inflow mcm

Tashkumyr
Inflow mem
Gwhimem
MW

Gwh

Shamaldysai
Enflow mem
Gwhimem
MW

Lwh

Uth Kurgan
luflow mem
Gwh/mem
MW

Gwh

Cageade Hydro
Total Hydra GWh
Hydro Capacity MW

324
.45
1,224
2,925
2025
2475

0.445

1301
853
18,600
18.446
18,223
170
0.207
1121
348
43

903
G127
430
115

903
0.062
240
56

963
0.07
180
63
772

1.463
4.345

ANNEX E:KAMBARATA #1 AND #2 WITH TOKTOGUL AND CASCADE

ALTERNATIVE €
TOKTOGUL REGIME T55 (6,500 BCM RELEASE,APRIL TO SEFTEMBER)

1355
1005
18,446
18,696
183.571
172
0.411
1143
413
50

1030
{27
450
133

1050
0.062
240
63

1059
047
180
74

907
1,518
4.209

#1 RULE CERVE RW TO MAXIMIZE WINTER ENERGY

M

379
0.10
1.054
1,125
430
788
124
0.296
635
312
403
67

1080
1035
18.696
18,721
18,709
172
0.413
1151
436
32

143535
0.221

1126
0.127
450
143

1126
0.662
240
70

1126
.07
180
79

960
1399
4050

A

673
0.08
763
430
360
405
107
0.256
548
193
400
49

763
763
0.12
600
92
438
21

778
900
18,721
18,599
18,660
172
0412
1148
371
44

199
181

1081
6.127
450
137

1081
0.062
2440
87

1081
0.07
180
76

330
1.137
3.967

M ]
1353 2201
0.25 0.65
388 401
300 1,123
1,125 1925
743 2,025
122 L
0291 0410
025 878
171 164
456 641
38 26
588 401
588 401
0.12 G.12
600 600
71 48
438 438
15 i
191 289
779 690
000 1300

18,599 13378
18378 17708
13,489 18,073

171 169
0.410  0.406
1138 1112
410 527
49 63
100G 1300
0221 0221
800 800
221 287
262 21
1262 1511
01z7 027
430 430
160 192
£262 1511
0062 0.062
240 240
73 94

1262 1511

0.07 ¢.07
130 180
28 106
938 1,200
1200 1,419
4,033 4,260

J

1857
0.95
307
2,925
4,275
3.600
2160
0517
1108
262
309
3z

307
307

930
1406
17,768
17,293
17,333
167
0.400
1079
559

71

1400
0.221
200
300

131

1531
0.127
430
194

1531
G.062
240
93

1531
6.07
180
1407

1,265
1383
4.437
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A

1256
1.0G
1.031
4275
4,300
4,388
132
0.555
1190
572
369
66

14031
1031
G.i2
600
124
438
28

1214
1300
17,298
17.212
17.253
tos
0.396
1062
318
00

1376
[U
430
173

1376
0.062
240
83

1376
0.07
1889
96

1159
1.855
4.522

T
£.00
711
4.500
4,500
4.500
233
0.560
1200
398
876
45

711
711
0.12
600
85
438
19

79

790

17,212
17.402
17,307
166
0.397
1065
238

31

0.22%
800
133

G55
0.127
430G
§3

655
0.062
240
41

655
0.07
180
40

540
1.024
4,533

o

523
.50
973
4,500
4.050
4,273
230
0.550
1130
336
861
62

973
973
0.12
600
117
438
27

i61

1134
098
19,000
19430
19,218
175
0.419
1183
292

34

750
0.127
450
o5

T
0.062
240
a7

750
.07
180
33
(3

1.293
4,632

438
4,80
903
4,050
3.600
3.825
221
0.529
1134
480
823
58

062
903
19,436
19,400
19418
176
042
1193
331
44
Sumyner

803
0221
800
200

52

937
8.127
450
122

957
0.062
240
59

057
0.7
130
&7

829
1,418
4.599

384
0.65
1,05%
3,600
2,925
3,263
208
0.497
1667
527
TG
68

1,658
1639
0.12

600
127
438

29

1109
1604
19,000
19,103
19,053
174
0.417
1172
418
49

1604
0.221

1048
0.127
435
133

1048
0.062
240
65

1048
0.07
180
73

9i2
1,566
4,509

10,463

10,463

2674

12,022

12,022

928

11,600
16,879



Teaal Hydre GWh
Hydro Capacity MW

2010 Energy Balance
KYG Energy Demand
Hydro Sarplus
Thennal Deficit
Supplicd by Fuel Imports
Supplied by Energy lmpr
Annual Surplus
2010 Capacity Balance
KYG Peak Demand
Surplus Capacity

2015 Energy Balance
KYG Energy Demand
Hydro Surplus
Thermal Deficit
Sapplied by Fuel Import:
Supphicd by Fnergy hnp
Annuoal Surplus
2015 Capacity Balance
KYG Peak Demand MW
Surplas Capacity

1.518
4,209

1,485
33

3.129
1,080

1.584

66
66

3,338
871

M

1.309
4,056

1313

oW

1403

D

2,957
1,099

SUMMARY ALTERNATIVE C: T55/RW

1,137
3.967

w0
LT = R S ARV

2,628
1,339

1.123
11

-
W et
R =ERet |
b

M

1,200
4,033

768

L}

1,914
2,119

820
381

1,727
2,305

1419
4,260

742
676

1.349
2441

792
a7

1.669
2,592

1,388
4,457

742
846

1.849
2,608

792
797

1.66%
2,788

Page 38

A

bd th

b LA

742
1113

1.849
2673

792
1063

1,668
2,853

1,881
2,653

806
218

1.698
2.837

1,293
4,632

£.146
147

1,223

[e s B w]

2,577
2056

1,418
4,599

1,302
116

2,745
1.854

1,389
9

2,928
1.671

B

1,566
4.509

3129
1,380

1.584

18
18

3,338
L1

8,223

4,806

<

5127

&

TOTALS
ANNUAL WINTER SUMMER
16,879 B.636
13.024 8218
3.679
22 2
22 22
a
3.657
13,393 8.766
3.196
209 200
209 209
0 i)
2,980



Kambarata #1
Inflow mem
Rule Curve
Outfiow mem
Reservoir BOM
Reservoir EOM
Avg. Reservoir Content
Avg.Head
Gwhimem

MW

Gwh

Full gate Gwh
Plant factor %

Kambarata #2
Inflow

Cutflow
Gwhimem

MW

Gwh

Fall Gate Output
Plant Facter

Tributary Inflow mem

TFoktogul
faflow mem
Outflow mom
Reservoir BOM
Reservoir EQOM
Avg. Reservoir Content
Head
Gwhimem

MW

Gwh

Plant Factor

Kurpsai
Inflow mom
Gwhimem
MW

Gwh

Tributary Inflow mem

Tashkumyr
Inflow mcm
CGiwh/mem
MW

Gwh

Shuamaldysai
inflow mcm
Gwhimem
MW

Gwh

Uch Kurgan
fnflow mem
{wh/mem
MW

Gwh

Cascade
Total Hydro GWh
Hydro Capacity MW

ANNEX E;:KAMBARATA #1 AND #2 WITH TOKTOGUL AND CASCADE

ALTERNATIVED
TOKTOGUL REGIME TS5 (6,500 BCM RELEASE,AFRIL TO SEPTEMBER)
K#1 RULE CURVE RA TOMAXIMIZE ANNUAL ENERGY

J F M A vE i} J A 5 O N

324 342 379 673 1353 220% 1857 1236 Tit 523 438
0.94 0.91 089 090 090 0.90 1.0¢ 1.00 1.00 106 099
439 477 469 628 1,353 2204 1,407 1356 it 523 3503
4365 4,230 4093 4005 4050 4050 4050 4500 4500 4500 4500
47230 4,095 4005 4050 4050 4050 4500 4500 4300 4500 4435
4208 4,163 4050 4028 4,050 4030 4275 4500 4300 4500 4,478
230 227 215 225 225 235 230 233 233 33 233
0551 0545 0340 3.539 0540 0540 0550 0560 0.360  0.560 0350
1182 ti69 1158 1135 1158 1138 FIRG 1200 iZOD 1200 1198
153 260 253 338 731 1139 774 O3 308 293 281
863 853 343 843 845 845 86l 876 876 876 874
29 30 30 40 86 141 oG B0 45 33 32

459 477 469 628 1333 2201 1,407 1236 7ii 523 503
459 477 400 628 1333 2201 1407 1256 711 523 503
G612 012 0.12 0.12 0.12 0.12 0.12 012 032 012 012
OO0 600 000 600 600 600 600 608 600 600 G0

55 57 36 75 162 264 169 151 83 &3 60
438 438 438 438 438 438 438 438 438 438 438
E3 13 13 17 37 50 39 34 19 14 &3
77 13 26 13 i91 285 423 183 79 161 54

536 490 495 643 1544 2490 1830 1439 750 GB4 557
905 005 1016 706 1250 1300 1300 1230 694 798 903
12,000 17,631 17216 16695 16632 16926 18116 18646 18835 19,000 18.886
17631 17.216 16,695 16632 16926 [8.116 185646 18835 (8931 (8886 19400
17816 17424 16956 16664 16779 17,521 13381 15741 15.883 18943 19,143
163 166 164 163 163 167 171 P2 173 173 174
0403 0.39% (0393 039 0391 0399 0409 0413 0415 D416 0448
006 1072 43 s 10330 10780 1131 1153 1162 1166 1178
3635 361 399 275 489 519 532 517 288 332 378
46 46 52 37 a3 66 64 51 34 39 44
Summer

S05 G5 1016 706 1230 1300 1300 1250 694 G 905
0221 6220 0220 0221 0221 0221 022F 0221 G227 0221 022
360 300 800 300 00 800 300 300 800 36O 300
266 200 225 156 76 287 287 276 £33 176 200

56 45 71 181 262 21k 131 76 33 52 52

955 950 1087 887 1312 1511 1431 1326 749 850 937
0.127 0127 0127 0327 0127 0127 0127 0427 0127 0127 0.127
450 430 430 430 450 450 450 450 430 450 450
i21 121 i38 i3 192 192 182 H 95 163 122

955 930 1087 887 153z 1311 1431 1326 744 B30 937
0062 0062 0062 0062 0062 0062 0062 0662 0062 0062 0062
240 240 240 240 249 240 240 240 246 240 240
39 39 67 55 94 94 89 52 46 53 59

933 950 1037 887 1512 151 1431 1326 749 350 937
o.07 0.07 0.07 007 007 0.07 0.07 0.07 007 0.67 0.07
180 180 186G 180 180 180 180 180 180 130 180

67 67 76 62 jEh] 106 06 93 52 60 67

§i2 207 Q05 661 LI157 1198 Li9G 1136 G633 728 326

L1200 L124 12135 1075 2050 2.65F 2,133 1990 L11% 1084 L167
4548 4511 4471 4451 4460 4506 4581 4623 46327 4636 40646
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384
0.97
474
4455
4,365
4,410
232
0556
1192
263
276
36

174
474
0.12
600
57
438
13

524
993
19,000
18,531
18,766
173
0414
1135
411
49

993
0.221
300
219

44

1637
0.127
450
132

1037
0.062
240

1637
0.07
130
73

B0G
1.219
4617

10,463

10,463

5,737

1.360

12,022
12,022

4.863

13.252

1.683

928

10,954
17.946



Total Hydro GWh
Hydro Capacity MW

2010 Energy Balance
KYG Energy Demand
Hydro Surplus
Thermal Deficit
Supplied by Fuel Imports
Supplicd by Energy Imp
Anpual Surplus
2010 Capacity Balance
KY(G Peak Demand
Surplus Capacity

2015 Energy Balance
KY{ Energy Demand
Hydre Surplus
Thermai Deficit
Sugpplied by Fuel Imposts
Supplied by Energy Lmps
Annual Surpius
2015 Capacity Balance
KYG Peak Denand MW
Surplus Capacity

3

i,120
4,548

1,485
o

363
250
115

3,129
1419

1,584

164
250
214

3,338
1,210

1,124
4,511

1.483

361

50
1it

3,129
1,382

M

$215

4,471

1.315

100
100

2,772
1,699

1,403

188
138

2,957
1,514

SUMMARY ALTERNATIVE D:

1.073
4,451

1,033
20

2,028

1.823

2372
2079

2,030
4,460

768
1,281

1,914
2,346

820
1,230

1,509

i,840
2,657

792
1.859

1,669
2,837

2,133
4,581

e
1,391

1.84%
2,732

792
1,341

1,669
2512

Page 41

T55/RA

A s O N D TOTALS

ANNUAL WINTER SUMMER
1990 1,119 1084  1.le7 1219 17.946 6920 1.7
4623 4632 4636 4646 4617

142 755 Lide 1,302 1,485 13.624 8,218 4,506

1247 363 o 0 G 6,191
G 0 62 135 266 1289 1.289 {0
62 133 250 1048 1,043 0
¢ g o 0 16 127 127 0
4,903

1,849 1,881 2415 2745 3,129
27 17500 2220 1,901 1,488

792 806 1,223  1.38% 1,584 13,893 8,766 3,127

1.198 313 0 0 G 5941
0] G 139 222 365 1.388 1.837 31
135 222 250 £.46% 1.29% 176G
1] G 4] Q 115 538 333 55
4.033

1,669 1,698 2,577 2,928 3338
2954 2934 2039 1718 1,279



Kambarata# 2
Inflow

Ouiflow
GWh/mem

MW

GWh

Full Gate Output
Plant Factor

ANNEX E:

342
342
0.12
350
41
256
i6

379
379
612
350
46
256
8

KAMBARATA #2 WITHOUT KAMBARATA #1

i

w0 o
O LA s Lot
[ RS ] Ll

[

256

220¢
220t
G142
330
264
256
103

Page 42

1857
1857
0.12
350
223
256
87

71
71t
612
350
85
256
33

P

384
384
012
350
46
256
18

Anral

10,463

1,256
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